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記憶力如何儲存與檢索？
How Are Memories Stored and Retrieved
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    人們都知道那些分布在兩耳之間由神經質所構成的神經網中，有將近數公斤重的神經質分子散佈於其中，這種構造使我們理解人世間以及人類生命史中，許多實用以及瑣碎事實的概括性認知，以及我們曾經學習到的技能，從學習騎腳踏車到說服自己的另一半去倒垃圾，記憶力使得我們獨特，同時也使生命得以延續。了解記憶力如何儲藏於大腦的各個部門中是了解人類的必要條件。
     Packed into the kilogram or so of neural wetware between the ears is everything we know: a compendium of useful and trivial facts about the world, the history of our lives, plus every skill we’ve ever learned, from riding a bike to persuading a loved one to take out the trash. Memories make each of us unique, and they give continuity to our lives. Understanding how memories are stored in the brain is an essential step toward understanding ourselves.　
    神經科學家在辨識關鍵大腦區位以及潛藏分子機制方面的研究已有了很大的進展。僅管如此，許多重要的問題仍未解決；此外，全腦區位及其分子機制之間的研究仍然存在著隔閡。 
     Neuroscientists have already made great strides, identifying key brain regions and potential molecular mechanisms. Still, many important questions remain unanswered, and a chasm gapes between the molecular and whole-brain research.
    1957年，一位神經病患H.M.治療紀錄的出版頗受注目，記憶力研究的新紀元因而誕生。H.M.在他二十七歲時，接受大範圍的大腦顳葉切除手術，可說是盡了最大的努力來減緩慢性癲癇症狀。這個手術確實有所效力，但手術過後，其後遺症使他無法記得剛才發生過的事情或認識的人。這項案例告訴我們，內側顳葉（MTL），包含海馬迴，是新記憶力形成的重要關鍵。從進一步檢驗獲悉，H.M.的案例也顯示出記憶力並非一個獨立存在的機制( monolith )；這意謂如果使H.M.進行一項棘手的鏡前繪圖任務（mirror drawing task），儘管其對先前的實驗測試已記憶無存，但其表現仍然可以穩定進步超過三天。就腦力而言，如何記住事情與記住什麼事情，兩者不盡相同。
　　The birth of the modern era of memory research is often pegged to the publication, in 1957, of an account of the neurological patient H.M. At age 27, H.M. had large chunks of the temporal lobes of his brain surgically removed in a last-ditch effort to relieve chronic epilepsy. The surgery worked, but it left H.M. unable to remember anything that happened—or anyone he met—after his surgery. The case showed that the medial temporal lobes (MTL), which include the hippocampus, are crucial for making new memories. H.M.’s case also revealed, on closer examination, that memory is not a monolith: Given a tricky mirror drawing task, H.M.’s performance improved steadily over 3 days even though he had no memory of his previous practice. Remembering how is not the same as remembering what, as far as the brain is concerned.　
拜動物實驗以及人類腦部成像之賜，如今科學家不但掌握了大腦每個部門所涉及的領域，對於多重面貌的記憶力也有了實務知識。然而，實驗所得的知識與真實的腦部構造仍有差距。雖然內側顳葉（MTL）的確對於陳述性的記憶（事實與事件的回憶）很重要，但腦部研究尚未釐清之處仍像是個黑盒子：當記憶力的編碼與檢索功能運作時，腦中各個組成分子如何交互作用的疑問仍未解決。此外，內側顳葉（MTL）並不是陳述性記憶的最後儲藏室，諸如此類的長期記憶似乎應由大腦皮質進行歸檔，但這個運作如何發生，以及記憶在大腦皮質之中如何展現，仍有疑義。　
　　Thanks to experiments on animals and the advent of human brain imaging, scientists now have a working knowledge of the various kinds of memory as well as which parts of the brain are involved in each. But persistent gaps remain. Although the MTL has indeed proved critical for declarative memory—the recollection of facts and events—the region remains something of a black box. How its various components interact during memory encoding and retrieval is unresolved. Moreover, the MTL is not the final repository of declarative memories. Such memories are apparently filed to the cerebral cortex for long-term storage, but how this happens, and how memories are represented in the cortex, remains unclear.

    一個世紀多之前，來自聖地牙哥的知名西班牙神經解剖學者Ramón y Cajal提出：記憶力的形成必須增強神經元彼此之間的連結。因為Dogma認為，一個人在成年時期，不會再有新的神經元生出來，所以，Ramón y Cajal提出合理的假設，即最主要的變化發生在現有的神經元之間；關於記憶功能如何擴展，至今科學家仍無足夠的線索來解釋之。　
     More than a century ago, the great Spanish neuroanatomist Santiago Ramón y Cajal proposed that making memories must require neurons to strengthen their connections with one another. Dogma at the time held that no new neurons are born in the adult brain, so Ramón y Cajal made the reasonable assumption that the key changes must occur between existing neurons. Until recently, scientists had few clues about how this might happen.　
    然而，1970年以來，科學家針對大部分神經系統的組織作個別研究，並已認定散佈於腦部的分子，在形成記憶的過程中具有極大的影響力。如果科學家將記憶力的分子機制納入考量的話，他們會發現許多相同分子已經散佈於陳述性及非陳述性記憶系統及各類物種體內，包括，海參、果蠅、與齧齒類動物。此研究有一要點：短期記憶（持續幾分鐘者）可強化神經元軸突之間的聯繫，稱為突觸，和化學分子修補作用有關；相對而言，長期記憶（持續數天或數週者）可能需要蛋白質的合成與新的突觸構造。　
     Since the 1970s, however, work on isolated chunks of nervous-system tissue has identified a host of molecular players in memory formation. Many of the same molecules have been implicated in both declarative and non-declarative memory and in species as varied as sea slugs, fruit flies, and rodents, suggesting that the molecular machinery for memory has been widely conserved. A key insight from this work has been that short-term memory (lasting minutes) involves chemical modifications that strengthen existing connections, called synapses, between neurons, whereas long-term memory (lasting days or weeks) requires protein synthesis and probably the construction of new synapses.　
    將上述的實驗流程應用於腦部研究將是ㄧ大挑戰。人體內所潛藏的神經連接埠是ㄧ個步驟，名為長期增益效應（LTP）。長期增益效應（LTP）是ㄧ種強化突觸功能的型態，其可詳察類齧齒動物的海馬組織，並且是ㄧ種被廣泛認為以自然地理學為基礎的記憶力研究方法。倘若「長期增益效應（LTP）為有機體記憶力形成與發展的前提」能夠獲得確切的表明，其研究結果將是ㄧ項突破性的發展。　
     Tying this work to the whole-brain research is a major challenge. A potential bridge is a process called long-term potentiation (LTP), a type of synaptic strengthening that has been scrutinized in slices of rodent hippocampus and is widely considered a likely physiological basis for memory. A conclusive demonstration that LTP really does underlie memory formation in vivo would be a big breakthrough.　
    同時，更多的問題不斷地被提出來。近年來的研究已經發現到，神經活動曲線圖會顯示腦波的活動狀況。例如，當動物學習新的技能之後，其所學的事物會在睡眠時重複一次。夢境中的重複情境真的有助於使記憶更加深刻嗎？另有研究顯示出記憶力並不如我們通常所假設的經驗還值得信任。為何記憶力如此不穩定呢？從近期的學術研究得到的訊息是，記憶中的事物每當被提取時，其過程是相當簡易的，這使得記憶的概念回復到一個存有爭議的階段。最後，有一論證指出，身體各部位在整個生命過程中，海馬組織是一個重要的神經元生產處所，所以，於1990年被提出的「無新生神經元」的信念，逐漸沒落。至於這些新生細胞能夠幫助學習與記憶力到何種程度，仍尚待觀察。　
     Meanwhile, more questions keep popping up. Recent studies have found that patterns of neural activity seen when an animal is learning a new task are replayed later during sleep. Could this play a role in solidifying memories? Other work shows that our memories are not as trustworthy as we generally assume. Why is memory so labile? A hint may come from recent studies that revive the controversial notion that memories are briefly vulnerable to manipulation each time they’re recalled. Finally, the no-new-neurons dogma went down in flames in the 1990s, with the demonstration that the hippocampus, of all places, is a virtual neuron nursery throughout life. The extent to which these newborn cells support learning and memory remains to be seen.
問題討論
· 為何孕婦不會對其胎兒產生生理排斥？　
· Why doesn’t a pregnant woman reject her fetus?　
· 近來研究論證指出，即使胎兒大部分的基因來自於父親，但孕婦的免疫系統不會辨識出胎兒不屬於其體內器官之ㄧ。然而，如同諾貝爾獎得主Peter Medawar所言，當他在1952年首度提出這個問題時，其意見尚未獲得回應。　
· Recent evidence suggests that the mother’s immune system doesn’t “realize” that the fetus is foreign even though it gets half its genes from the father. Yet just as Nobelist Peter Medawar said when he first raised this question in 1952, “the verdict has yet to be returned.”　
· 有機體的生理時鐘與什麼同步？　
· What synchronizes an organism’s circadian clocks?　
· 生理時鐘的基因以各種形式在身體上許多部位流動著。如今，困擾的是找出這些基因如何彼此配合，以及設立相同的生理時鐘之因為何。　
· Circadian clock genes have popped up in all types of creatures and in many parts of the body. Now the challenge is figuring out how all the gears fit together and what keeps the clocks set to the same time.　
· 遷移性的有機體如何找尋他們的路？　
· How do migrating organisms find their way?　
· 鳥類、蝴蝶以及鯨魚每年會有數萬公里的季節遷移旅程。他們根據一些自然界中線索，例如星星和磁場，來尋找棲身之處。至於他們如何去辨識路途，仍是答案未明。　
· Birds, butterflies, and whales make annual journeys of thousands of kilometers. They rely on cues such as stars and magnetic fields, but the details remain unclear.　
· 我們為何需要睡眠？　
· Why do we sleep?　
· 擁有健全的睡眠能夠恢復肌肉能量、器官運作、或是保護動物避免潛藏於黑暗中的危險。但真正的睡眠奧秘可能存在於大腦，當我們打鼾時，大腦依然在運作。　
· A sound slumber may refresh muscles and organs or keep animals safe from dangers lurking in the dark. But the real secret of sleep probably resides in the brain, which is anything but still while we’re snoring away.　
圖一：記憶圖表。來自聖地牙哥的 Ramón y Cajal 所畫的海馬組織圖示。這位學者提出記憶力包含鞏固的神經接合的假說。 


Memorable diagram. Santiago Ramón y Cajal’s drawing of the hippocampus. He proposed that memories involve strengthened neural connections.
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